The reactions of 1498 isolates of slowly growing mycobacteria in 50 character states have been compared to those of 17 hypothetical median strain patterns. The establishment of intra-and intertaxon matching values for clusters so generated, allowed certain aggregates of taxa to be recognized for which a conventional n x n matching matrix might provide more clear cut taxonomic definition of species. Those species which are clearly distinct from the others include Mycobacterium tuberculosis, M . bovis, M . kansasii, M.Jlavescens, M . xenopi and M . gastri. Problems still exist regarding the precise separation of taxa within Runyon Groups I1 ( M . scrofulaceum, M . gordonae and IIIB) and Group 111 ( M . avium-M. intracellulare and M . terrae-M. nonchromogenicum-M. novum-M. triviale). These latter are discussed.
INTRODUCTION
The application of computer technology has enabled the sorting (by means of n x n matching matrices) of mycobacteria into clusters having high degrees of internal similarity Bojalil, Cerbon & Trujillo, 1962; Tsukamura, 1966 ; Kubica et al. 1970) . Because of technical problems in handling excessively large n x n tables of similarities, early computer studies were limited in the numbers of cultures examined. Such cultures must therefore be representative of the thousands of strains of mycobacteria that pass through individual clinical laboratories each year. Several investigators (Wayne, 1966; Kestle, Abbott & Kubica, 1967; Wayne, Doubek & Diaz, 1967; Tsukamura & Mizuno, 1968 ; Kubica, 1973 ) soon adopted the procedure of comparing hundreds, even thousands, of strains of mycobacteria to previously established ' hypothetical median strains ' (Liston, Wiebe & Colwell, I 963) of mycobacteria. This approach, which has been discussed by Wayne (1967) , has enabled examination and sorting of large numbers of strains with the following aims in mind: (i) to determine those clusters which already are very homogeneous (i.e. have high internal similarity and low intertaxon similarities), and probably warranting of species status ; (ii) to verify the hypothetical median strain (HMS) of such clusters, and to select therefrom a few highly reliable tests which may be valuable to the clinical laboratories; and (iii) to ascertain which clusters (because of low internal similarities and/or high intertaxon similarities) are in need of more critical examination by conventional n x n analyses (Lockhart & Liston, 1970) .
The present study was concerned with the comparison of a large number of slowly growing mycobacteria to 17 HMS patterns in the hope of better defining those clusters of organisms in need of more definitive examination. 
METHODS
The hypothetical median strain (HMS) patterns for 13 species of mycobacteria had been established in earlier studies (Kestle et al. 1967; Kubica et al. 1970) . In addition, four other HMS patterns were established: (i) as the work of Kubica, Kim & Dunbar (1972) had shown the isoniazid resistant (INH-R) strains of Mycobacterium tuberculosis to have several test reactions at variance from those of the drug susceptible tubercle bacilli, a separate HMS was established for the INH-R M. tuberculosis; (ii) using the same philosophy, a separate HMS was also prepared for INH-R M. bovis; (iii) 12 strains identified as M. jlavescens were used to establish the HMS for this taxon; (iv) 35 organisms received under the designation Group IIIB (Lewis, Laschk, Armstrong & Dunbar, 1960) were used to establish an HMS for this organism, since there was some suggestion that this might be a separate taxon.
Fifty test character states were used to examine the cultures (Table I ). With the exception of pigment production in the dark and rate of growth, these characters were described previously (Kestle et al. 1967) .
A total of 1498 isolates of slowly growing mycobacteriawas examined using the 50 character states. The assembled data were coded in binary form (i.e. o or I) for computer analysis and every strain was then compared to each of the 17 HMS patterns. Both positive and negative matches were recorded and the strains were clustered according to highest percentage match (yo M or M value) for one of the HMS patterns. For each cluster the intrataxon M value (Mi) was determined by averaging all the M values for the cluster. Using the first I 340 cultures examined, histograms were prepared against each of the 17 median strains to depict visually the distribution of homologous and heterologous cultures on the basis of M values. If a strain showed the same M value for more than one HMS, it was excluded from any subsequent Mi calculations but was included in the histograms as an aid in determining closely related clusters. In the final analysis there were 86 strains that exhibited the same yo M for two or more HMS patterns, thus only 1412 of the cultures examined were used in calculating the Mi values ( Table 2 ) . Comparison of the reaction patterns of all HMS strains with one another enabled the establishment of the intertaxon matching scores (see also Table 2) .
R E S U L T S
Ten representative histograms, depicting both well characterized and poorly defined clusters, are shown in Fig. I and 2 . Some recognized and accepted species of mycobacteria present homogeneous clusters ( Fig. I) , whereas others are clearly in need of better definition (Fig. 2 ). Organisms which exhibit the highest M value to the HMS of Mycobacterium kansasii and M . gastri are uniformly distinct from all other mycobacteria ( Fig. I a, b) . These histograms are virtually bimodal with little overlap of heterologous organisms. Fig. I (c) '%,s , 0 s Fig. 1(a)-(d) Fig. I@), (f) . ment is not sufficient to exclude INH-R strains from the taxon M . tuberculosis, it does reveal a close relationship of this species with M. bovis (see also Fig. ~( e ) and Table 2 ) , a view earlier expressed by Wayne (1964) . The 50 character states here employed had earlier been chosen for a general taxonomic study of all species of mycobacteria, and were not particularly selected with the point to strengthen the separation of M. tuberculosis from M . bovis, for indeed an appropriate selection of tests can readily facilitate such a distinction Wayne & Doubek, 1968; Kubica, 1973; Pattyn & Portaels, 1972) .
The cluster labelled Mycobacterium triviale (Kubica et al. 1970 ) is taxonomically distinct from all other mycobacteria (Fig. ~f ) .
As Tsukamura & Mizuno (1969) suggested that M . triviale is a variety of M. nonchromogenicum (Tsukamura, 1969, the M values of a number of culturally similar, non-pigmented slowly growing mycobacteria for the HMS of M. trivale are segregated in Fig. ~c f ) for comparison. From this Figure and the data in Table 2 , M. triviale may be distinguished from the other slowly growing non-pigmented mycobacteria using these 50 character states. This is further elaborated in the Discussion.
With some of the problem 'clusters' which still need to be resolved (Fig. 2 Mycobacterium intracellulare has a very close similarity for the HMS of M. aviunz (Fig. 2 a) .
The very close intertaxon similarity of these two clusters (90 yo ; see Table 2 ) lends support to Wayne's (1967) suggestion that these two taxa probably represent variants of the same species. Fig. 2(b) shows the distribution of M values of 1340 mycobacteria for the HMS of Mycobacterium terrae Wayne (Wayne, I 966) . Because of the close cultural similarity of other non-pigmented slowly growing mycobacteria of Runyon Group I11 (Wayne, Runyon & Kubica, 1969) to M. terrae, these have been specifically identified in Fig. 2(b) to enable a better understanding of the interrelationships of these taxa. Mycobacterium triviale and the cluster labelled IIIB are obviously unlike M. terrae, since the histogram shows them to have a similarity to M. terrae ranging from 65 to 80%, with an intertaxon value of less than go%, for both taxa (see Table 2 ). On the other hand, M. nonchromogenicum and M. novum appear much more similar to M . terrae, revealing intertaxon similarities of 96 % and 90 % respectively (see Fig. 2 ( b) and Table 2 ).
Because of their apparent dissimilarity to any of the Runyon Group I11 organisms ( Fig. ~( f ) ,  2(b) ), the IIIB organisms were next compared to some of the culturally similar pigmented organisms of Runyon Group I1 (Wayne et al. r969) . The distribution of mycobacteria around the HMS of Mycobacterium gordonae (Wayne, 1970) ' called ' tap-water scotochromogen' makes it evident that the IIIB organisms are similar to M . gordonae, with many of them exhibiting tied M values for this organism and their own HMS pattern (Fig. 2 c ) . To substantiate further the closer relationship of IIIB organisms to Runyon Group I1 as opposed to Runyon Group 111, organisms identified as M. scrofulaceum, M. gordunae (tap-water scotochromogen) and IIIB were compared to the HMS of IIIB (see Fig. 2d ). Again the overlapping M value distributions in the histogram reaffirm the greater similarity of I11 B to the scotochromogenic slowly growing mycobacteria, while the intertaxon M values ( Table 2) suggest most IIIB organisms to be more like M. gordonae.
A more critical examination of the relationship of taxa within those 'pooled-clusters ', indicated by bold lines in Table 2 , is clearly needed.
DISCUSSION
These data confirm the earlier report (Kubica et al. 1972 ) that INH-R strains of Mycubacterium tuberculosis tend to form a homogeneous cluster whose intertaxon M value for the parent drug susceptible organisms is 5 to 6 % below the Mi value of the latter. Such a cluster distribution, while clearly discernible in the histograms (Fig. I c, d ) is not sufficient to cause any taxonomic confusion or even to suggest relegation of INH-R mutants to a different taxon. This observation with respect to INH-R strains also holds true in the taxon M. bovis.
Within the large group of scotochromogenic Runyon Group I1 organisms, we note an aggregation of three clusters : Mycobacterium scrofulaceum, M . gordonae and I11 B organisms.
It appears the IIIB cluster is more closely related to M. gordonae (92 yo intertaxon M value; see Table 2 ). While M. scrufulaceum and M. gordonae appear rather similar in this group of 50 character states, the recent report of Wayne et al. (1971) reveals that the use of several additional differential tests clearly separates these two taxa, while the selection of several highly reliable tests makes the separation of these two species an easy matter for the clinical laboratory (Wayne & Doubek, 1968; Kubica, 1973 ; Pattyn & Portaels, 1972) . Nevertheless, a conventional n x n examination of randomly selected scotochromogens would be indicated for this aggregation of taxa. The recent report of Jenkins, Marks & Schaefer (1972) Table 2 would support this contention. This is a matter which has concerned mycobacteriologists for many years. While the pooled data from Wayne et al. (1971) indicate that the use of 140 character states enabled separation of M . scrofulaceum from M . intracellulare, only a few of the eight individual participants who contributed taxonomic data to this study (Wayne et al. 1971) were able to clearly segregate these two species.
Within the Runyon Group I11 organisms are several aggregate groups of taxa for which n x n matching matrices might resolve some sticky taxonomic problems. The Mycobacterium avium-M. intracellulare assemblage in one such. While Runyon (1967) has put forth arguments to favour the distinction of the two species, and the serological studies of Schaefer (1968) and Yoder & Schaefer (1971) have supported this, this report would corroborate Wayne's (1967) observation that there is insufficient evidence to suggest the taxonomic segregation of M . avium from M . intracellulare. Rather, they appear to be host-adapted variants of the same species, having a number of distinctive serotypes.
Among the more commonly saprophytic taxa within Runyon Group 111, the intertaxon M values of Table 2 reveal a close relationship of Mycobacterium terrae, M . nonchromogenicum and M . novum, with some suggestion of a similarity of M . triviale to M . novum. This latter observation is contradictory to Tsukamura & Mizuno's (I 969) report that M. triviale is more similar to M . nonchromogenicum. Although Tsukamura & Mizuno (1969) employed 99 test characters, it should be noted that well over 50% of these were common negative matches in tests which prove more valuable when dealing with the rapidly growing mycobacteria. Using tests of more definitive value for slowly growing mycobacteria, the uniqueness of M . triviale has been demonstrated (Kubica et al. 1970) .
While many of these taxa may be justifiably amalgamated for purposes of the clinical diagnostic laboratory (e . g . M y cobact erium avium-M. in tracellulare and M . terrae-M.
nonchromogenicurn-M. novum; see Wayne & Doubek, 1968 ; Kubica, I 973), it is important for taxonomic reasons that these species be precisely delineated. The successful application of the HMS patterns to large numbers of isolates has now enabled us to focus attention on those smaller aggregates for which conventional n x n matching matrices may provide us more valuable information.
